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Summary  
When aleafwas considered to be a nat plate，distributions ofleafinclination anglein thefruit tree  
CanOpies were approximated to a beta distribution．Manyvarieties ofapple and pear，and a part ofJapaneSe  
pear belonged to strongly horizontaltype．A part ofpeach and cherry belonged to verticaltype，and other  
Varieties belonged to weak horizontal，intermediate andiso－angular types．There was no strong erect type．  
Bymonthlyinvestigation ofthe distribution at an almost same portionin atree crown，SeaSOnalvariationwas  
not so distinguished．Methodsfor measurement of distribution of surfhceinclination angle on non－flatleaf  
Were devised using the wire－＆ame diagrams，Which were obtained by a stereo－photogrammetry．Rotation of  
the wire－frame diagram was e飴ctive using rotation angles which were obtained by simple measuring of  
inclination angle ofboth midてibline ofeachleafand a perpendicularline to themidてib．In the many舟uit  
varieties，the curvatureincreasedin May and summertime Ouly and August），and decreasedinJune and  
September．In apple（especial1y，Centralleader）and persimmon，the horizontaltype wasfound at the upper  
CanOpylayers，and the weak horizontaltype and theintermediate one werefound at the mid－1ayers and the  
lowers．In peach，Change ofthe distribution by the height waslittle．Horizontaltype became strongin the  
upper part ofpearandJapanese pear with trellis training，Where summer pruning waslacking．From these  
results，inclination angles of current shoots seemed to be a main factor fbrintra－CrOWnfluctuation ofleaf  
inclination angle．   
Key words：distribution ofleafinclination angle，Shoot angle，eXtinction coe用Cient ofdirect beam，nOn－flat  
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材料及び方法   
1．葉面傾斜角度データを用いた植被内放射関連数値の   
試算  
1）傾斜角度分布をベータ分布に近似するための計算方  
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き，日向部葉面受光強度（Idf）は6式で計算される（坪  
井，1974）．  























































3）日向部葉面受光強度の計算方法   
葉の姿勢（傾きと方角）と葉面の直達光受光強度の関  
係は古くから知られ，直達光の水平面強度をⅠ。。としたと  
TablelThe six types of distribution ofleafinclination angle（LIA）and the parameters  
for the beta distribution．  
Distribution type Mean of LIA 
OfLIA  （degree）  
Stronglyhorizontal   15  
Horizonta1  30   
Intermediate  45  
Vertica1  60  
Stronglyvertica1  75   
Isotype  45  
V rianceofLIA ParameterS Abbreviation  
（degree2）   
300   
300   
300   
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Table 2 Means and the variances ofleafinclination angle，parameterS for the beta distributions  
（Åand L））and results of the chisquare testsin severaldeciduous fruit treesin August．  
5 
Fruit species Cultivars Tree forms Mean Variance 入   2/ X2 chisquare  
（degree）（degree2）  value test  
Dwarf［CLy  26．36  322．5  
Semi血arf・CL  25．05  256．1   
0pencenter  25．25  258．7   
Dwarf・CL   26．21  332．4  
Semidwarf・CL  25．04  405．0   
0pencenter  26．92  375．6   
???????? ??????????????????? ? ? ??????????? ????? ??????????? ?????? ???????? ????? ???? ?
????????????????????
????????????????????
Mutsu  Dwarf・CL   27．42  391．3   
Mutsu  Semidwarf■CL  22．42  225．8  
Rall Janet Opencenter  27．69  289．2  
Red Spar Opencenter  19．14 179．9  
Jonathan  Opencenter  28．62  375．0  
Persimmon Hiratanenashi  MCLW 33．21 372．4 1．501 2．568 0．054  
Tuhlba  MCL  44．04  241．6  3．615  3．775  0．098  Chestmt  
Tanzawa  MCL  28．48  225．4  2．145  4．634  0．091  ＊＊   
muki  MCL  34．37  366．4 1．612  2．611 0．137   ＊＊  
Shinrei MCL  36．83  402．3 1．584  2．288  0．031  ＊＊  
Yorei  MCL  45．99  325．8  2．668  2．555  0．015   ＊＊  
Banslmn  MCL  36．38  247．9  2．779  4．098  0．346   ＊＊  
Walmt  
Okubo  Opencenter  42．43  565．11．214 1．363 0．224  ＊＊  
Koyohakuto Opencenter  51・31 414・1 2・168 1・636 0・110  ＊＊   
Halcuho Opencenter  52187 420・9 2・157 1・516 0・056  ＊＊  
Peach  
RBTr opencenter  54・30 282・9 3・538 2・330 0・584  ＊u  
Satonishiki Opencenter  46．14 437．6 1．8611．771 0．104  ＊＊  
Che叩′  
1．678  2．037  0．095   ＊＊  Napoleon  Opencenter  40．67  426．0 
Japanese Shinseiki Trellistraining 36・29 505・9 l・152 1・706 0・058  ＊＊   
Pear  Shinsui Trellistrainlng 46．39 619．7 1．169 1．101 0．002  ＊＊  
Chqjuro Trellistrainlng 30．82 392．4 1．251 2．402 0．401 ＊＊  
Bartlett Trellistraining 34・79 574・1 0・908 1・442 0・066  ＊＊  
LaFrance Trellistrainlng  42．92  554．7 1．262 l．386 0．208  ＊＊   
GCt  Trellistraining 45・59 455・6 1・747 1・704 0・228  ＊＊  
Pcal・  
Delaware Tre11istrainlng  42．46  350．1 2．251 2．522 1．427   
Stuben  Trellistrain1ng 41．86 252．5 3．251 3．741 0．278  ＊＊  
NeoMuscat Tre11istrainlng 42・32  332・3 21388 2・692 0・209  ＊＊   
Grape  
ZstarkingDelicious・   
ycentralleader．   
Xsignl丘cantatthel％level・   
WMode負edcentralleader．   
VRockportBigarreau・   
uSigni丘cantatthe5％1evel．   
tGrandChamplOn・  
のほか，葉面方位角度についても調査したが，ここでは   集計し，15度階級幅による葉面傾斜角度の階級別頻度分  
省略する．1樹全体としての葉面傾斜角度分布の特徴を   布表を作成し，葉面傾斜角虔の平均値と分散値を算出し  
明らかにするため，全ての高さの葉面傾斜角度データを   た．最終的に2，3式を用いてベータ分布のパラメータを  
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3．葉面湾曲の季節的変化および湾曲が葉面傾斜角度分   
布に及ぼす影響  














































なので，回転後のワイヤーフレーム図を対象に，画像解   
Fig．1Measuremen七ofleafinclination ang・1eusing  
a protractor with weight thread．  
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2）湾曲程度の季節的変化の調査   
上記c）の実験に用いたワイヤーフレーム図を入手す  
るに当って，湾曲の程度が季節によって変化することが  
予想されたので，2005年6月から10月の間の5期に分けて，   
Leftphoto訂aPh  RidTtPhotogrTaPh  
Photo訂8mmebyof98   
POinbonale8fsu拍Ge  
Wi帽触m8di8卵m  
Fig．2 The stepin the measurement of non－flat  
leaves by the stereo－photogrammetry．   



























Exportfi［esof12shape－Valuesofeach   







ββ   
BinaⅣimag◎虎objectleav8S  
Fig・．3A method to detectleaf rotat，ion ang・1es using severalshape－Values ofleaf byimage analysis．  
Conversiontobinaryimage  Original image Photographjng  
White back   
RemovaLofmicroparticles  Hand correction of binary image Cafcu［ationof12shape－V lues  
ofeachi＄Olated teaf   
Fig．4Photographing ofleavesin fieldand severalstepsin theimag・e processing and analysis．ROI  
indicates range ofinterest，．  
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Handlingofaprotractorwithweightthread  
Adax由l偽ce仏DF） Abax由Ifhce（ABF）  
hoo七  
◆◆  
Leaftiptumstoground Leaftiptum＄tOgrOund Leaftipturnstosky  
ADFtumstosky  ABFtum＄tOSky  ABFtumstosky  
Leaftip urnstosky  
ADFtumstosky  
RotationangJe（0）aroundyshaft  
β＝柑0＋だ  β＝180－ど  β＝360－ど  β＝だ  
Perpendicularlinetomid－rib（PL）   
PLshowsleftri＄er PLshowsrightriser  PLshows［eftr盲ser  




ど＝360－∂  と＝180＋∂  ど＝180－∂   ど＝∂  
Two rotations ofa  
Wire一打amediagram  
around xand  
ysha氏s  
Fig．5The schema of easy measurement ofleaf attitude to detect rotat，ion  
angles around x and y shaftsin the wire－frame rotation method．  
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および分散Ⅴは，それぞれ，次式で計算できる．   
X＝∑NiXi／∑Ni   
S＝∑Si＋∑Ni（Ⅹi－Ⅹ）2   
V＝S／∑Ni  
ここで，各群とは新梢角度の各階級データ，i＝1，2…は－   
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58  
を第2表に記した．ベータ分布に適合すると判断して誤  
まる確率はブドウブラウエア’とオウトウ 一高砂’を除く  
他の31品種では1％以下であった．従って，果樹の葉面  
傾斜角度分布はベータ分布に良く近似できたものと判断  





































は大きくなった（第12図）．セイヨウナシtラ・フラン   
Positiveangl8  
Fig．6Measuring of shoot angle using a  
protractor with weight thread．  
90度から90度までの階級化番号，および，合同群の葉と  
は各高さの葉群を意味する．  
結  果   
1．植被内放射分布における葉面傾斜角度分布の重要性  
1）異なるベータ分布に対応した太陽高度別Kd曲線の違  




































0  30  60  90  0  30  60  90  
Leafinc］inationふngle（degree）  Solara］t；tude（degree）  
Fig．7Probabili七y densities ofleafinclination angle and extinction coefficients of direct beam  
in the six types of beta distribu七ions shownin Tablel．  
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8     7     8     9    10    11    12  
日our  
Fig．9 Five examples of photosynthetic photon flux  
densi七y（PPFD）on sunlitleaf surface of direct  
beam，Which are affected by combinations of  
SOlar altitude（h），SOlar direction angle（¢s），in－  
Cident PPFD on horizontalplane（PPFDinc），1eaf  
inclination angle（α）andleaf direction angle  
（β），Where βand¢s were measured from south  
to east．   
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0    30   60   90  0   30   80   gO  
SoIaraltitude（degree）  
Fig．8 Relativeintensity of direct beam（r／Ⅰ。）of  
SeVeralsolar altitude at LAI＝1（1eft）and  
LAI＝2（right）in the sixtypes ofbet，adis－  
tribution ofleafinclination angle．   











































0 15 30 45 80 75 80  0 15 30 45 80 75 90   0 15 30 45 80 75 80   0 柑80 45 80 75 80  
lnclination8nEEleorsoIaraltitude（deEree）  
Fig．10Probabilitydensities ofleafinclination angle and extinction coefficients ofdirectbeaminapple，  
peach，PerSimmon，Cherry andJapanese pear．RBindicates．Rockport Bigarreau一．  
254   
落葉果樹の葉面傾斜角度分布一山本・麻生・西沢・庄司・佐藤・小山・上野・須田  61   
??。（㌔??????。???〈???
3 
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0 15 30 45 80 75 00  0 15 30 45 80 75 gO o15 30 45 60 7＄ 90  15 30 45 ¢0 75 90  
InGl；nationangl80rSO】ara帽tudeくdogree）  
Fig．11Probability densities ofleafinclination angle and extinction coefficients of direct beamin  
Walnut，Chestnut，Pear，and grape，  
???????????????。」??
0   30  80  00  0   80  印  30   80   80  
De［aware（TT）  ＋MAY  ＋JUNE  
†  JULY    ＋AUG．  
PD  
＋SEPT・ 一一一1l】 00T．  
＋MAY      一…… JUNE  
‾JULY ・・・・・・ AUG・  Kd  
30   80   gO O  30  60  90 －SEPT1 －－ OCT  0    30   80   80   0  
LeafinclinationangleorsoFaraltitude（degree）   
Fig．12Seasonalchanges of probability densities ofleafinclination angle and extinction coefficients  
Of direct beamin severaldeciduous fruit t，reeS．Abbreviations of tree shape refer to Table2．  
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60  90  
????????????????????????????（??? （?????????????????????????????
30  80  90  30  60  90  
Hiratanenashi  
0  30  80  90  
Nleasured mean inclination 
ang】eofl¢aHdegree）  
0  30  80  90   
Measured meaninclination   
angleofleaf（degree）  
Fig．13Relations between the measuredleafinclination angles and es七imated ones by the  
comparative method ofleaf－Shape values ofleaf wire－framesin severaldeciduous  












型が見られた（第16，17図および第4表）．   
4．葉面傾斜角度分布の樹冠内変動  
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May  June  July   Sept．   
Fig．14Seasonalchangesin wire－frame diagrams oflNapoleon■1eaves．  
Table3 Sesonalchang・eSOfmeaninclinationangle ofalltriangularsectionsinthe fivewire－frame diagrams  
of non－flatleaves and the variancein severaldeciduous fruit trees．  
Cultivars Nopoleon Satonishiki  F両   Jonathan  La France LeLectier Hiratanenashi 
完忘㌃MeanZvarianCeyMeanVarianceMeanVarianceMeanVarianCeMeanVa，ianceMeanVarianceMeanVariance  
Ma）7  32．9 341．2 33．1 289．0 34．3 335．1 32．8  
JⅥne  21．3 156．9 21，8 325．0 30．3 386．7 1臥6  
Jub′  30．5 215．5 35．3 291．8 28．8 279．4 34．2  
Aug． 34．7 263，5 32．2 275．0 36．9 401．1 30．O  
Sept． 30．1 246．4 31．3 308．6 32．0 299．2 27．6  
295．9  32．9 341．2 28．4 270．3 41．3 421．8  
212．1 21．  156．9 23．8 262．7 35．6 448．9  
340．8  30．5 215．5 32．4 416．7 35．6 421．5  
306．8  34．7 263．5 26．2 247．7 40．5 382．3  
269．0  30 1 46 4 29．0 262．4 37．5 451．3  
ZMeaninclinationangle（unit：degree）ofalltriangularsections（169sectionsx51eaves）．  
yvarianceofinclinationangle（unit：degree2）ofalltriangularsections（169sectionsx51eaves）．  





















リンゴーふじの平坦部内三角形区分の平均値と新梢角   
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Table4 MeanS and variances ofleafinclination angle with the different heightin several  
deciduous fruit treesin Augast．The abbreviations refer to Table2．  
64  
Fruitspecies Cultivars Freefbrms Heights Mean VarianCe Heights Mean Variance  
（m）（degree）（degree2）（m）（degree）（degree2）  
19．82  182．1 1．5－1．2  27．83   392．1  SD  Dwarf・CL  
33．96   509．9  
41．97   225．5  
22．80   248．9  
29．78   304．2  
25．66   373，9  
32．77   256．1  
27．02   330．8  
34．38   346．2  
21．30  178．7  
33．47   480．0  
29．56   416．4  
41．85   396．9  
31．91  485．2  
19．02  1（；8．9 1．2－0，9  
20．78  173．8   0 － 
23．93   229．9  
21．92  185．4  2．ト1．8  
23．37  173．4  1． －  
26．99  325．5  
25．06  195．7  ．1－1．8  
20．95  237．1  1．8－  
24．89  226．7  
16．56  166．5 1 8－1．2  
27．07  328．8  1．2－  
16．39  186．3  ．1－1．8  
21．03   257．2 1．8－1．5  
18．77  219．4 1．5－1．2  
25．16  338．8  1．2－  
23．15  161．7  8－




SD Semidwarf・CL 3 3－2．7  
2．7－2．4  
2．4－2．1  
SD  Opencenter  3．3－2．7  
2．7－2．4  
2．4－2．1  
Fl扉  Dwarf・CL  2．7－2．1  
2．ト1．8  


















Flか  Opencenter  
Mutsu Dwarf・CL  
Mutsu Semidwarf・CL  
Rall Janet Open center 
RedSpar Opencenter  
Jonathan OpenCenter 
19．12  202．3 1．8－1．2  20．67   212．6  
40．87   426．3  
29．33   282．2  
24．93   266．9  
35．53   267．6  
34．02   362．6  
20．18   215．3  
26．97   378．6  
24．93   258．0  1 2－ 
17．72  197．2 1 5－1．   
20．46  185．8  1．2－  
22．52  186．0  
23．42  190．9 1．8－1．5  
19．70  198．5  1．5－  
19．71 198．0 1．8－1．2  
19．00  195．6  
25．06  195．7 1．8－1．5  
32．79  398．1 1．5－1．2  28．85   357．2  
30．52  445．5  1．2－   28．87  247．9  
Persimmon Hiratanenashi MCL  3．3－2．7  21．87  235．2  2．1－1．5  41．87  261．2  
2．7－2．4  28．06  230．0  1．5－   49．69   254．5  
2．4－2．1  24．31  304．9  
2．1－1．8  37．42  231．2 1．5－1．2  52．09   219．7  
1．8－1．5  43．35  265．5  0．9－   43．53  170．5  
3．6－2．7  29．68  230．2 2．4－1．8  22．46  182．4  
2．7－2．4  25．8（； 193．4  1．8－   34．96  208．4  
2．ト1．8  23．93  310．8 1．5－1．2  43．29   220．3  
1．8－1．5  36．40  376．4  
Chestnut  T血a  MCL  
Tanzawa  MCL  
Ibuki  MCL  
3．3－2．7  28．91  363．6  2．1－1．5  35．22   316．0  
2．7－2．1  34．58  302．1 1．5－   46．16  429．7  
2．7－2．1  45．47  336．7  1．5－   54．73   236．7  
2．1－1．5  37．66  257．9  
3．6－3．0  34．02  31（；．9  2．7－2．1 36．82  172．0  
3．0－2．7  38．53  246．3   2．ト   36．02   253．2  
Walnut  Shinrei  MCL  
Yorei  MCL  
Banshun  MCL  
42．55   547．9  
48．56   349．0  
50．92   354．6  
Peach  Okd）0   0pencenter  
Koyohakuto Opencenter  
Hakuho Open center 
2．4－1．8  42．31  581 7  1，8－ 
47．11  345．6  1．5－  
58．04  468．5  
52．11  455，5  1．8－  
55．54  442．6  
－2．1  
2．1－1．5   
－2．4  
2．4－1．8  
2．7－2，1  52．95  390．7 1．5－0．6  55．06  220．7  
2．ト1．5  54．80  239．7  
2．4－2．1  28．00  225．6 1．8－1．5  57．65   377．5  
2．ト1．8  41．20  382．5 1．5－1．2  57．65   377．5  
3．3＿2．7  33．65  470．0  2．1二  51．73  389．6  
2．7－2．1  42．45  383．6  
Cherry  RB  Opencenter  
Satonishiki Opencenter 
Napoleon Opencenter  
313．0  1．8－   44．52   565．4  
561．5  1．8－   40．70   617．4  
225．4 1．8－1．2  38．80   447．9  
375．8  
Shinseiki Trellistraining 2．4－1．8  28．15  
Shinsui Trellistraining 2 4－1．8  51．81  
Chqjuro Tre11istraining 2．7－2．1 23．14  
2．1－1．8  30．40  
Japanese   
pear  
Pear  Bartlett Trellistraining 2．4－1．8 17．55 159．3 1．8－1，2 51．07  418・5  
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LeafincIinationangleorsolaraltitude（degree）  
Fig・．15Probability densities ofleafinclinationangle and extinction coefficients ofdirectbeamat different  
height within tree crowns of applein August，．   
度の関係は全三角形区分のそれと大きな違いはなかった  
（第21図）．他の品種については省略する．   
なお，葉面の種類により標本数が異なったため，分散  
の計算原理から分散値は全三角形区分＞平坦部内三角形  















The abbreviations of tree shape refer to Table2．   
式が得られた（第5，7表）．リレ・レクチェ’は平均値，分  
散値ともに6割程度の有意な推定式が得られた（第5，7  
表）．’平核無’は平均値・分散値ともにいずれの時期にお   













を向くほど葉面傾斜角度は大きくなり（直立葉が多くな   
り），一方，新梢が天空を向き，その傾きが大きいはど   
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Fig．16Probabilitydensities ofleafinclination angle and extinction coefficients of directbeamat different  
height within tree crowns of apple，perSimmon，Walnut and pearin August．The abbreviations of  
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ShinseikiくTT）  
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0 l■－  
Kd ＋乙ト1J  
・一一一一一1カー  
0   30   80   90  0   30   80   90  0   30   60   gO  
LeafincIinationangl80rS0lara帽tude（degree）  
0    30    80    gO  
Fig．17Probability densities ofleafinclination angle and extinction coefficients of direct beam at different  
heightwithin tree crowns ofpeach，Walnut，andJapaneSe pearinAugust．The abbreviations oftree  
shape refer to Table2．  
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LeafinclinationangIeorsolara［titude（degree）  
Fig．18Probability densities ofleafinclination angle and ext，inction coefficients of di－  
rect beam at different height within tree crowns of cherryin August．The ab－  
breviations of tree shape refer to Table2．RBindicatesIRockport Bigarreaul．  
O degree 
30 degree 60degree  90degree   
ー15degree   
－45degree  
－75degree  















度から50度にかけて分布した（第26図）．これに対し，   
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Fig．20 Relations bet，Ween Shoot，angles and meaninclination ang・1es of triangular sections  
（upper）and the variances（lower）of non－flatleavesin．Fujil．   
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Fig．21Relations between shoot angles and meaninclinat，ion angles of triangular sectionsin  
flat port，ions（upper）and the variances（lower）of non－flatleavesinlFujil，  
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Fig．22 Relations between shoot angles and meaninclination angles of triangular sections  
（upper）and the varianCeS（lower）of non－flatleavesinlLa Francef．  
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Fig．23Relations between shoot angles and meaninclination angles of triangular sections  
（upper）and the variances（lower）of non－flatleavesin．Satonishiki’．  
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Fig．24Relations betweenshoot angles andmeaninclination angles oftriangular sections（upper）  
and the variances（lower）of non－flatleavesin7Hira七anenashi’．  
Inclined Point Quadrat法（Wilson and Warren，  



































に用いた錘糸付分度器法が適していると考えられる．   
葉面傾斜角度分布のリモート計測法あるいは間接測定  
法には，プラントキャノピーアナライザ法（Welles and  
Norman，1991），三次元視覚法（Ivanovら，1994），  
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Table5 Results of multiple regression analysis of meanleafinclhation angle（B）of non－flat  
leaves using shootangle（A）inapple and pear．  
M川Iltl＝l恒1／で．／1．・／、‖】tl川叫1…‖しe  l…llL；・  
Fltji  
5  wLW O．6726 3．888 32．87 f）＜0．0001B＝－0．1149A＋45．72  
5  FPV o．6627 5．735 31．43 f）＜0．0001Ⅰ∋＝－0．1658A＋40．07  
6  Wl O．6143 2．284 25．48 f）＜0．0001B＝－0．05844A＋44．12  
6   FP O．77491．976 55．08 f）＜0．0001B＝－0．07433A＋42．25  
7  WL O．5639 3．725 9．70 j）＜0．0020 B＝0．00000000003814A6－0．07816A＋40．03  
7  FP O．5545 3．679 9．34 タ＜0．0023】〕＝0．00000000003606A6－0．08123A＋41．26  
8  WL O．1720 4．855 3．32 f）＜0．0871B＝－0．04492A＋48．67  
8   FP  Notobtained．  B＝42．13  
9  WL  Notobtained．   B＝46．54  
9   FP  Notobtained．  B＝41．19  
Jona仙an  
5  WL O．7538 5．556 9．95 P＜0．0007 B＝O．0000000004810A6－0．00000386A4  
－0．00003237A3＋0．00817A2＋41．52  
5   FP O．5170 4．245 17．13 f）＜0．0008 B＝－0．09001A＋42．88  
6  WL O．3105 7．314 7．20 ク＜0．0163 B＝欄．098562A＋36．17  
6   FP  Notdbtained．   B＝37．60  
7  WL O．35413．509 臥77 f）＜0．0092 B＝－0．05250A＋44．89  
7  FP O．2763 4．017 2．86 P＜0．0884B＝＝一0．000000002372A5＋0．001030A2＋40．叫  
8  WL O．4568 3．022 13．46 f）＜0．0021B＝一0．05658A＋45．63  
8   FP O．2676 3．993 5．85 タ＜0．0279 B＝－0．04927A＋43．47  
9  WL O．7163 3．13418．94 P＜0．0001B＝0．00000000002878A6－0．1229A＋42．88  
9  FP O．7395 4．210 21．29 P＜0．0001B＝0．00000000003977A6－0．1751A＋37．53  
LaFrance  
5  WL  Notobtained．   B＝49．16  
5   FP  Notobtained．   B＝58．47  
6  WL O．3067 6．514 7．08 f）＜0．0171B＝－0．08767A＋42．85  
6  FP O．2864 7．218 6．42 f）＜0．0221B＝－0．09255A＋40．65  
7  WL O．4965 8．054 15．78 P＜0．0011B＝－0．1608A＋43．87  
7   FP O．4943 8．697 15．64 f，＜0．0011B＝－0．1729A＋42．80  
8  WL O．6844 6．21216．26 P＜0．0002 B＝0．002020A2－0．2117A＋40て0  
8  FP O．62717．73112．62 j〕＜0．0006 B＝0．001720A2＿0．2283A＋44．61  
9  WL O．6236 5．755 26．51 P＜0．0001B＝－0．1495A＋45．71  
9   FP O．6025 6．436 24．25 f）＜0．0002 B＝－0．1599A＋4臥35  
LeLectier  
5  WL O．4454 3．185 6．02 f）＜0．0120】〕＝＿0．00001560A3＋0．0008442A2＋53．61  
5  FP O．4120 3．841 5．25 f）＜0．0186王∋こ0．000000004118A5＋0．0000002688A4＋57．38  
6  WL O．5127 6．62516．糾 ク＜0．0008 B＝10．00002868A3＋51．98  
6  FP O．3582 5．823 8．93 f）＜0．0087 B＝欄．00001836A3＋51．74  
7  WL O．5362 3．616 18．50 f）＜0．0005 B＝欄．07827A＋51．64  
7   FP O．34412．478 8．39 f）＜0．0105 B＝10．03613A＋54．21  
8  WL  Notobtained．   C＝47．06  
8   FP  Notdbtained．  C＝49．30  
9  WL O．3887 5．23410．18 f）＜0．0057 B＝－0．001740A2＋46．61  
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Table6Results of multiple regressionanalysis of meanleafinclination angle（B）of non－flatleaves  
using shoot angle（A）in cherry and persimmon．SymboIs refer to Table5．  
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5  WL O．3965 5．463 10．51  
5   FP O．3883 5．586 10．16  
6  WL O．58416．742 10．53  
6   FP O．58697．055 10 65  
7  WL O．7609 3．773 5 91  
7   FP O．7482 5．3 4 47．55  
8  WL O．64044．972 8．31  
8   FP O．6549 5．454 8．86  
9  WL O．4627 3．959 13．78  
9   FP O．49974．716 15 8  
5  WL O．7075 3．362 18．85  
5   FP O．6813 4．266 16． 4  
6  WL O．6705 7．516 9．50  
6   FP O．6703 8 958 9．49  
7  Wt O．31504．778 7．36  
7   FP O．2887 5 469 6 5   
8  Wt O．46576．229 13．95  
8   FP O．5102 6．559 16．67  
9  Wl O．4678 3．710 14．07  
9   FP O．41124．729 11 18  
5  Wl O．83671．918 38．43  
5   FP O．8017 3．357 30．32  
6  WL O．43413．485 5．75  
6   FP O．3116 3 6 5 7 24  
7  WL O．7746 2．852 25 77  
7   FP O．7995 4．242 29．91  
8  WL O．6658 3．117 31．87  
8   FP O．63012．343 27．25  
9  Wl O．4128 4．0 3 11．25  
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Table7 Results of mul七iple regression analysis of variance ofleafinclination angle（C）of non－flat  
leaves using shoot angle（A）and meanleafinclination angle（B）in apple and pear．SymboIs  
refer to Table5．  
MoIlth Object R2  Re Fvaluesigni点cance  Formula  
Fllji  
5   WL  
5   押  
6   WL  
6   FP  
7   WL  
7   f■P  
8   WL  
8   FP  
9   WL  









Notobtained．  C＝411．5  
Notobtained．  C＝186．1  
0．441828．73 12．67  
0．778846．97 26．40  
0．432932．07 5．73  
0．3175 61．48 7．44  
0．340447．99 8．26  
0．437 39．02 12．43  
0．293138．69 6．63  













P＜0．0149 C＝－0．8091A＋307．5  
Notobtained．  C＝180．2  
Notobtained．  C＝392．O  
Notobtained．  C＝135．6  
ア＜0．0439C＝0．004009fi3＿0．0002427A3＋12．67A  
－0．2294AB＋11．69  
5   WL O．5943 31．25 4．76  
??????????????????
0．616839．78 7．5   
0．317559．07 7． 4  
0．505843．51 3． 3  
8  FP O．479851．83 6．92 p＜0．0074C＝0．001793B3＋0．01056A2－26．33  
P＜0．0321C＝－0．01267AB＋401．7  
P＜0．0264C＝＿0．0002211A3＋201．7   
P＜0．0436C＝＿0．05578】〕2＋446．O  
Notdbtained．  C＝150．4  
9   WL O．256247．5  5．51  
9   f’P O．2723 88．79 5．99  
5   WL O．230731 90 4．8   
5   FP  
6   吼 0．74844臥07 9．67  
6   FP O．291973．32 6．60  
7  吼 0．669878．65 15．21  
7   FP O．5861115．0 6．61  
8   WL O．648546．93 13．84  
8   FP O．483660．94 7．02  
9   WL O．729259．46 20．20  
9   FP O．620840．40 7．64  
5   WL O．385445．04 4．70  
5   FP O．332682．46 7．97  








C＝－0 001521B3＋14．86B＿354．6  
C＝＿0．71 8B2＋71．9柑＿1256  
C＝0．0002229A3－0．01274A2＋6．237B－134．8   
C＝＿0 009143B3＋77．66B＿2199  
C＝－0 001160B3＋411．1  
Notobtained．  C＝480．3  
C＝0．01706AB＋117．O  
Notobtained．  C＝508．1  
ク＜0．0007  
ア＜0 0206  
ア＜0．0002  
ク＜0．0052  
ア＜0 0004  
ア＜0 0070  
P＜0 0001  
ア＜0 0029  
タ＜0 0260  
ア＜0 0122  
??????
6   FP O．262866．06 5．  タ＜0．0296  
7   Wt  
7   FP O．215030．25 4．38 f）＜0．0526 C＝－5．174B＋355．3  
8  WL  Notdbtained．  C＝425．9  
8  FP O．477558．8814．62 f）＜0．0015C＝－0．0007409B3＋254．7  
9  吼 0．700945．49＋10づ4 ア＜0．0006C＝＿0．8184B2＋80．36B＋0．02512AB＿1446  
9  f■P O．435870．15 5．79 f）＜0．0137C＝－0．0003766A3＋0．02561A2＋117．6  
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Table8 Results of multiple reg・reSSion analysis of variance ofleafinclination ang・1e（C）of non－flat  
leaves using shoot ang・1e（A）and meanleafinclination angle（B）in cherry and persimmon．  
SymboIs refer to Table5．  
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Notobtained．  C＝348．8  
Notobtained．  C＝179．8  
Notobtained．  C＝405．4  
Notobtained．  C＝144，9  
0．3575 47．56 8．90 P＜0．0088 
0．5086 57．4916．56 P＜0．0009  
???????????????????????????????????? 「 ??????????
0．497745．35 7．43 f）＜0．0057C＝－0．004573B3＋33．26B－666．1  
Notobtained．  C＝122．1  
Notobtained．  C＝422．3  












Notobtained．  C＝106．1  
20．1815．88 f）＜0．0 2  
47．14 7．78 P＜0．0 48  
66．56 3．64 j）＜0．0513  
96．81 3．30 f）＜0．0519  
28．0128．71f〉＜0．0001  
25．13 12．36 f）＜0．0   
38．30 5．89 f）＜ 0130  
54．18 5．64 ア＜0．0304  




0．349331．74 8．59 P＜0．0098Cこ0．0005783B3＋545．4  
Notobtained．  C＝144．1  
0．201946．714．05 f）＜0．0614C＝－0．0007012B3＋522．5  
Notobtained．  C＝141．0  
0．633330．6027．64P＜0．0001C＝－0．06852B2＋569．6  
Notobtained．  C＝116．1  
0．245937．60 5．22 f，＜0．0364C＝0．00008700A3＋421．6  
0．465036．3413．91f）＜0．0018C＝0．6864A＋87．76  
0．694927．2410，63f）＜0．0007C＝－5．192B＋0．009145AB  











調査されていない．   
場合，その育種選抜目標に葉の直立型分布をあげること  











落葉果樹の葉面傾斜角度分布一 山本・麻生・西沢・庄司・佐藤・小山・上野・須田  75  
円atpo止ionina暮8af  Triangularse¢tion＄inawhoI¢l8af  
（????????（???????
Fig．25An example of estimated result using the multiple r6gression formulas，Which show rela－  
tions between shoot angle（SA），1eafinclination angle（LIA）andits probability densities  











































摘  要  
果樹樹冠内放射分布研究の基礎的資料を得るために，  
数種落葉果樹の葉面傾斜角度分布の実態調査を行なった．  
葉面を一枚の平板と見なしたときの葉面傾斜角度分布を   
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Fig．26Estimatedmeanleafinclination angle andthe varianceusingtheformulas shownin Table5－8  
at various heightin the tree crown oflFujif which were read on the tree photographs after  
leaf fall．Abbreviations of tree form refer to Table2．  
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Fig．27Estimated meanleafinclination angle using  
the formulas shownin Table 5－8 at various  
heightsin t，he t，ree CrOWn Ofseveralfrui七trees  
which were read on the t，ree photographs after  
leaf fall．Abbreviations of tree form refer t，O  
Table 2．  
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